The use of suitable noncollinear phase-matching configurations in type-I (e -oo) parametric interaction greatly improves the group-velocity matching among pump, signal, and idler pulses. A numerical model, well supported by the experiments, shows that the compensation of group-velocity mismatch can be achieved over the entire tuning range for pulses as short as few tens of femtoseconds. A general feature of the noncollinear interaction, the front tilt of the generated pulses, is experimentally investigated for a LiIO 3 traveling-wave generator. A novel b-barium borate traveling-wave parametric converter pumped with 130-fs blue pulses from a frequency-doubled amplified Ti:sapphire system provides broad tunability in the visible with pulse durations as low as 90 fs and with a single-pass conversion efficiency as large as 40%.
INTRODUCTION
Traveling-wave parametric conversion has been demonstrated to be a powerful technique for generating highenergy ultrashort pulses, particularly in conjunction with the recently developed femtosecond amplified Ti:sapphire lasers systems operating at kilohertz repetition rates. Pulses with a duration of 50 -150 fs, energy from several microjoules to as much as 1 mJ, and broad tunability in the near IR were obtained by pumping of b-barium borate (BBO) and lithium triborate travelingwave optical parametric generators (TOPG's) [1] [2] [3] at the Ti:sapphire fundamental wavelength. Further extension to the mid-IR has recently been achieved by differencefrequency mixing between signal and idler pulses delivered by femtosecond TOPG's. 4, 5 The availability of TOPG's generating pulses in the visible or in the near U V would greatly benefit the performance of a number of experiments requiring high-power ultrafast excitations at such wavelengths. One could meet this requirement by employing frequency-doubled (or -tripled) Ti:sapphire systems as pumping sources, the newest versions of which generate amplified pulses as short as 30 fs (see, for instance, Refs. 6 and 7). Unfortunately, severe limitations arise from the group-velocity (G V) mismatch between pump and generated pulses, which becomes more and more detrimental to parametric amplification as either the wavelength or the duration of the pump pulses gets shorter. [8] [9] [10] [11] Even for a pump-pulse duration above 100 fs, attempts of pumping BBO TOPG's by the second harmonic (SH) of a Ti:sapphire laser 12 have shown much poorer performance, in both pulse duration and energy conversion efficiency, than that achieved when pumping at the fundamental wavelength. [1] [2] [3] The inherent reduction in parametric gain that is due to G V mismatch would require that the TOPG be operated at pump intensities so high that third-order nonlinear effects would severely reduce the efficiency of the parametric process. Note that SH and sum-frequency generation, which are alternative approaches for obtaining visible -U V pulses, also suffer from the same limitations in this temporal regime. [13] [14] [15] [16] In this paper we show that the noncollinear phasematching (NCPM) geometry allows the parametric interaction to occur in conditions of optimum G V matching, similar to what has been demonstrated for SH generation. 14 The idea of investigating this potential of NCPM in the case of parametric processes stemmed from the observation, reported in the earliest studies on femtosecond TOPG's, 8, 17, 18 that parametric superfluorescence occurred preferentially off axis at the angles and at the wavelengths, which permitted the best G V matching between pump and generated pulses. A detailed charac-terization of the spectral and the angular distributions of the parametric superfluorescence generated in a type-II phase-matched BBO crystal pumped by 200-fs, 0.6-mm pulses 9, 11 has shown that a high degree of G V matching is permitted by noncollinear configurations over the entire tuning range. It has been demonstrated that, by means of a change of the angle of noncollinear interaction, an 8-mm-thick crystal can provide the same parametric amplification as in the absence of G V mismatch over almost the entire tuning range, except for a small portion near degeneracy. Even better conditions have been theoretically predicted for BBO with noncollinear type-I phase matching (BBO-I). 10 Relying on these results, we recently succeeded in operating a highly efficient bluepumped TOPG delivering sub-100-fs pulses, tunable in the whole visible range. 19 In Section 2 we provide a general modeling of the G V matching in the noncollinear interaction. In Section 3 we show how the spectral and the angular intensity distributions of ultrashort parametric superfluorescence in LiIO 3 can be described by means of the G V-matching requirement between pump and generated pulses. In Section 4 we present the results of pulse-front-tilt analysis in the case of a noncollinear LiIO 3 TOPG. In Section 5 we report the performance of our blue-pumped femtosecond BBO TOPG.
MODELING OF GROUP-VELOCITY MATCHING IN THE NONCOLLINEAR INTERACTION
Our task in this section is to investigate the role of G V mismatch in the parametric amplification of ultrashort pulses and to show the advantages of operating the devices in NCPM geometry.
The G V mismatch between two pulses propagating in a dispersive medium can be described in terms of either the difference in G V's or the pulse-splitting length. For two collinearly propagating pulses, their pulse-splitting length, l ij , is defined as a scalar representing the distance over which, in the absence of interaction, they separate by a path equal to their pulse width. For two pulses with equal full width at half-maximum (FWHM) duration, t, l ij is given by
where v i,j are the corresponding G V's. We find it convenient to use the l ij formalism because it provides a straightforward estimation of the impact of G V mismatch on the parametric amplification. When the signal-topump splitting length, l s l sp , and the idler-to-pump splitting length, l i l ip , are larger than the length of the nonlinear crystal, L, the G V mismatch is found to be irrelevant to the amplification process. 8 When jl s j or jl i j is shorter than L, generally, the parametric gain is depressed, and the duration of the generated pulses is increased relative to that of the pump pulse. Exceptions to this general trend are discussed in Section 6.
We obtain a quantitative description of the parametric amplification for large G V mismatch by numerically solving the three coupled-wave equations for the interacting fields. 20 We model the evolution of the signal-, the idler-, and the pump-pulse temporal profiles 21 as infinite plane waves, thus neglecting the role of transverse walk-off. Further details on the model are given in Ref. 22 . The relevant parameters were chosen with the aim of describing the process of superfluorescence generation in our blue-pumped BBO TOPG (see Section 5) . For the input pump pulse, of wavelength l p 0.4 mm, we took a Gaussian temporal profile of FWHM duration t p 100 fs and peak intensity I p 80 GW͞cm 2 , i.e., the spatial average within the FWHM spot size in our experiment. For the input signal, at l s 0.8 mm, we assumed a constant intensity I s 3.5 mW͞cm 2 , i.e., the noise-equivalent intensity corresponding to 1 photon/field mode in a transform-limited 100-fs pulse and a 200-mm beam at 0.8 mm.
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The input idler intensity was set to zero. For the crystal parameters, we took an effective second-order nonlinear coefficient d eff 1.3 pm͞V and, as the signal and the idler collinear splitting lengths, l s l i l 20.5 mm. This value was calculated with the Sellmeier coefficients reported in Ref. 24 . The case in which jl s j jl i j `is also considered.
From the computed signal-pulse time profiles, we calculated the peak-intensity conversion efficiency, hI , defined as the ratio of the signal-pulse peak intensity to the input I p , and the FWHM duration, t s . The dependence of h I and t s on the propagation length in the crystal, z, is given in Figs. 1(a) and 1( b) , respectively. The dominant role played by the G V mismatch in collinear amplification is evident by comparison of the results obtained for l 20.5 mm (solid curves) with those obtained assuming that jlj `(dashed curves). Note that the jlj `regime can be achieved not only by use of fairly long (e.g., picosecond) pulses of the same intensity by also by use of pulses of a few tens of femtoseconds in suitable NCPM configurations, as we demonstrate below. The dependence of h I on z indicates that, for the case of collinear amplification [ Fig. 1(a) , solid curve], the conversion starts to saturate at z ഠ 0.5 mm jlj and gives the constant and very low value ͑h I , 10 211 ͒ for z . 1 mm 2jlj. In the absence of G V mismatch [ Fig. 1(a) , dashed curve], h I keeps on increasing exponentially to the point at which saturation due to significant pump depletion begins; the value obtained at z 4 mm (i.e., at the output of our crystal, see Section 5) is h I ഠ 0.5, corresponding to an amplification from the quantum-noise level of approximately 13 orders of magnitude. A further consequence of the G V mismatch is the temporal broadening of the generated pulses: the results given in Fig. 1 ( b) (solid curve) show that, as soon as h I saturates, t s increases indefinitely with constant slope. The analysis of the signal-pulse temporal profiles indicates that a somewhat stationary regime is reached in which the signal pulse slips beyond the pump, whereas its tail continues to be amplified. On the contrary, in the absence of G V mismatch [ Fig. 1 ( b), dashed curve], the signal pulse is shaped by the gain profile such that t s decreases until pump depletion occurs. Because we performed these simulations at degeneracy, the behavior of the idler pulse is virtually identical to that of the signal.
The magnitudes of the collinear pulse-splitting lengths across the tuning are presented in Fig. 2 for BBO-I (curves for u 0 ± , with u being the angle defined in Fig. 3 ). Figure 2 shows that jl s j and jl i j are roughly constant in most of the accessible tuning range and are equal to the values at degeneracy. Therefore the simulation of the pulse time profiles performed at degeneracy is representative of the behavior in a broad wavelength range. The favorable condition of jl s j and jl i j, substantially larger than a few millimeters, is attained only in a narrow region near l s 0.43 mm, where the idler is strongly absorbed by the crystal ͑l i 5.7 mm). The NCPM configuration allows this favorable region to be continuously shifted across the whole tuning range, as shown in Fig. 2 for u 5 ± , 9 ± . We calculated the noncollinear splitting lengths plotted in Fig. 2 by taking the components of the signal and the idler G V's in the pump direction as the values of v s and v i in Eq. (1). For each wavelength of the tuning range, there is one optimum noncollinear angle, u , where l min min͑jl s j, jl i j͒ is maximum (this value is orders of magnitude greater than the splitting lengths in the collinear case). This broadband G V-mismatch compensation is a typical feature of the type-I (e -oo) interaction over the whole spectral range in which the phase-matching condition is fulfilled. In Fig. 4(a) we present the values of l min ͑u͒ versus l s for the two cases of BBO-I and LiIO 3 with noncollinear type-I phase matching (LiIO 3 -I), both pumped by 100-fs pulses at 0.4 mm. The values of u are given in Figs. 4( b) and 4(c) versus l s for BBO and LiIO 3 , respectively, along with the corresponding values for the (internal) crystal orientation angle a (see Fig. 3 ). The calculated l min ͑u͒ increases monotonically from the tuning edge, where we obtain 30 mm for BBO and 6 mm for LiIO 3 , to degeneracy, where exact matching is achieved ͑l min `͒. This singularity is a consequence of the symmetry of type-I phase matching, as already pointed out for the case of noncollinear SH generation with femtosecond pulses. 15 The improvement relative to the collinear geometry is evident if one considers that, for most of the tuning range, collinear splitting lengths do not exceed 0.5 mm for BBO and 0.2 mm for LiIO 3 for the given pump wavelength and duration. Note that, according to Eq. (1), the values of l min scale with the pulse duration, so we still find splitting lengths of several millimeters with pulses as short as tens of femtoseconds. Thus we expect efficient parametric generation to be feasible for these very short pulses. 3 We characterized the parametric superfluorescence generated in a 2-cm-thick LiIO 3 -I crystal cut at 30 ± and pumped by 1.1-ps pulses at 0.527 mm. The high dispersion of LiIO 3 and the choice of a relatively long crystal make the splitting lengths for the collinear interaction substantially shorter than the crystal length ͑l min , L͞4 for most of the tuning), even for the fairly long pump pulses that we used. Below we show that the spatial and the spectral features of the generated single-pass superfluorescence can be attributed to the aforementioned G V-mismatch compensation achieved in NCPM.
OFF-AXIS SUPERFLUORESCENCE CHARACTERIZATION IN TYPE-I LiIO
In this experiment the pumping source was a feedback- controlled mode-locked Nd:glass laser. Beyond this laser was placed a grating pulse stretcher, a regenerative amplifier, a grating pulse compressor, and a frequencydoubling crystal. This system, developed at Vilnius University, delivers 0.527-mm pulses of 1.1-ps FWHM duration at a 2-Hz repetition rate. The measurements were carried out with a pump energy of 1 mJ and a 4-mm FWHM spot size on the crystal. As previously observed in the case of a type-II phasematched BBO crystal pumped at 0.6 mm, 9,11 the signal and the idler superfluorescences were sharply favored along two cone-shaped surfaces. We call u ext the halfaperture of the cone of the signal superfluorescence. The u ext angle was measured in the plane containing the pump beam and the crystal optical axis by means of a linear diode array placed in the focal plane of a 400-mm positive lens. In Fig. 5(a) the measured values of u ext (squares) are reported for different crystal orientations, a ext (see Fig. 3 ). The curve shown in Fig. 5(a) is a plot of the calculated external angle that maximizes l min (see Section 2). The corresponding signal wavelengths l s are plotted in Fig. 5( b) (curve) , together with the measured values (squares). These values actually denote the wavelengths at which the spectra, measured by collection of all the signal superfluorescence into an OMA3 (optical multichannel analyzer) -equipped spectrometer, peaked. The vertical bars in Fig. 5( b) give the ranges of wavelengths for which l min is larger than the crystal length. Because of the limited aperture and the spectral sensitivity of our detection system, we could collect data at a ext angles larger than those shown in the figure. However, off-axis signal superfluorescence was observed at levels as low as 1 mm.
EXPERIMENTAL ANALYSIS OF PULSE-FRONT TILT
The most serious drawback inherent to noncollinear generation is the pulse-front tilt. In fact, because of the high-gain regime typical of TOPG operation, both signal and idler pulses are forced to keep the same pulse front as the pump inside the nonlinear crystal, a condition that results in tilted fronts for off-axis generated pulses. The main consequence of the pulse-front tilt is the lengthening of the effective pulse duration, which increases with increasing tilt angle and beam cross section. Further problems are the pulse broadening and the distortion that occur during the propagation of tilted pulses; a detailed description is given in Ref. 25 .
We measured the front tilt of the signal pulses generated in a two-pass noncollinear LiIO 3 TOPG. The experimental setup is shown in Fig. 6 . The pump source was the same as in Section 3, except that the SH generation was accomplished by means of a nonlinear pulse compressor, 22 resulting in a pump-pulse duration of 200-fs FWHM. The pump beam, 5 mm in diameter (FWHM), was divided into two arms, p 1 and p 2 , by the beam splitter BS (40% reflectivity); after a twofold reduction in beam size the p 1 pulse intensity, averaged over the 200-fs FWHM duration and the 2.5-mm FWHM diameter, was ഠ18 GW͞cm 2 . The LiIO 3 crystal was the same as in Section 3. A portion of the signal superfluorescence generated by p 1 was intercepted and was reflected back into the crystal by an Al-coated flat mirror, placed at distance of ഠ80 cm from the crystal and mounted on a micrometric translation stage for fine synchronism adjustment. A 50-cm positive lens whose focal plane was coincident with the Al mirror was inserted to flip the signal pulse-front tilt, so that the reinjected signal front was parallel to that of the p 2 pump. The angular and the spectral selection of the seeding pulse was performed by means of a 0.7-mmdiameter aperture placed close to the signal reflector. In this measurement the angle u ext was kept fixed at the value of 9.2 ± ; a ext , at 44 ± . The amplification of the selected seed was performed by the pump pulse p 2 , whose intensity at the crystal was ഠ8 GW͞cm 2 . The generated output was a collimated beam with the same diameter as the pump p 2 .
The tilt angle, g, was measured by means of the scanning SH autocorrelator shown in Fig. 7(a) . The tilted signal pulse was propagated through the two-aperture screen, producing two pulses separated by the delay Dt d͞c tan g, where d 1.3 mm is the distance between the apertures and c is the speed of light. A typical autocorrelation trace obtained with this setup is shown in Fig. 8(a) . From the shift in time of side-to-central peaks shown in Fig. 8(a) , we calculated g 8.8
± . Note that, as expected, the corresponding internal angle, g int , coincides with the internal angle u of the experiment (g int ഠ u ഠ 5 ± ) to within experimental accuracy. Because the SH autocorrelation of the pulse through a single aperture [ Fig. 8( b) ] gives a pulse duration value similar to that of the pump, we conclude that the signal pulse propagates in the LiIO 3 crystal in the frame of the pump pulse.
We then investigated the flatness of the signal-pulse front, a fundamental prerequisite to performance of the tilt compensation. 25 In fact, because of pump depletion during amplification, some unlocking between pump and signal pulses can take place, giving rise to a distortion in the output pulse front. We performed this test by indirectly measuring the delay between two portions of the tilted pulse at several positions across the signal beam. The measurement was done by removal of the double-hole aperture and by modification of the SH-conversion stage in the autocorrelator shown in Fig. 7(a) according to the scheme given in Fig. 7( b) : the two pulses a and b, traveling in the two arms of the autocorrelator, are focused by an f 200 mm positive lens on the SH crystal. At maximum delay of pulse b relative to a, the trailing pulse edge 1a interacts with the leading pulse edge 2b, giving rise to the SH beam 1a 1 2b [top beam on the right-hand side in Fig. 7( b) ]; at minimum delay the leading pulse edge 2a interacts with the trailing pulse edge 1b, giving rise to the SH beam 2a 1 1b on the opposite side [bottom beam in Fig. 7( b) ]; at zero delay the SH beam (2a 1 2b and 1a 1 1b) is generated at the central position. We detected the position of the peak of the SH beam by means of a diode array placed as shown in Fig. 7( b) . The linear dependence of the peak position on the delay presented in Fig. 8(c) demonstrates the flatness of the pulse front across the whole beam profile.
BLUE-PUMPED FEMTOSECOND TRAVELING-WAVE OPTICAL PARAMETRIC GENERATOR
All the theoretical and experimental features introduced in the previous sections define a novel approach in the design of femotosecond TOPG's; a demonstration of the potential of this technique is given below. We report on the experimental demonstration of a sub-100-fs blue-pumped TOPG in which both parametric generation and amplification are performed with high G V matching by means of the noncollinear configuration. Tunability over the whole visible range, pulse duration of 90 fs, and singlepass energy conversion efficiency as large as 40% were observed.
A layout of our experimental setup is given in Fig. 9 . The pump system is based on a Kerr-lens mode-locked Ti:sapphire laser, beyond which is placed a grating pulse stretcher, a regenerative amplifier, and a grating pulse compressor (Alpha-1000, B. M. Industries); this system (installed at the European Laboratory for Nonlinear Spectroscopy) delivers 0.5-mJ pulses at 0.8 mm and at a 1-kHz repetition rate. Autocorrelation shows that the pulses are characterized by a central spike of ഠ130-fs FWHM, surrounded by satellites and some noisy background. We estimate that, after SH conversion in a 600-mm-thick BBO-I crystal, the central spike contains only half the pulse energy at 0.4 mm; we used a total pump energy of 25 mJ in the blue.
Our TOPG (see Fig. 9 ) is based on a 4-mm-long BBO-I crystal cut at 33 ± and operates in a simple two-pass scheme similar to that of Section 4. The p 1 and p 2 pumps, of equal pulse energy, were collimated with a 200-mm-diameter FWHM on the crystal by means of telescopes placed in the two arms. This choice for the pump-beam spot size is a compromise between larger values, which would reduce the effect of spatial walk-off in the crystal, and smaller ones, which would minimize the enlargement in the effective pulse duration owing to pulse-front tilt. An estimation of the intensity of the pump pulses, averaged over the 130-fs duration of the pulse central spike, leads to a mean value of ഠ55 GW͞cm 2 in the 200-mm spot. All the optical components were anti-reflection coated at 0.4 mm. A l͞2 retardation plate was placed in the p 2 path for adjustment of the effective pump power in the amplification stage. A 2-mm-thick beam displacer BD was also placed in the p 2 path, beyond the telescope, to keep the pump beams p 1 and p 2 exactly counterpropagating while the BBO crystal was rotated to perform the tuning. A portion of the cone-shaped signal superfluorescence generated by p 1 was reflected back into the crystal by either an Al-coated flat mirror or a 1200-line͞mm diffraction grating mounted ഠ26 cm from the crystal on a micrometric translation stage for fine synchronism adjustment. When the synchronism between pump and seeding pulse was properly adjusted, the visible superfluorescence cone from the amplifier collapsed into a collimated beam while a conjugated idler beam was generated on the opposite side of the pump at the angle defined by phase-matching. The best beam quality was obtained when the effective p 2 pulse energy was lowered by a factor of ഠ2 relative to its maximum value. This value corresponded to a pumping regime in which the amplifier was just below the threshold of observable superfluorescence when not seeded. With angles of seeding injection u ext between 5
± and 15 ± , the whole accessible wavelength spectrum could be observed. Notice that, except for the case of the smallest noncollinear angles (l s , 0.5 mm), we achieved a relatively broad tunability of several tens of nanometers without changing u ext , simply by rotating the crystal and adjusting the synchronism. Consequently, only three to four different values for u ext were sufficient to cover the whole visible spectral range from l s ഠ 470 nm to l s ഠ 700 nm, as expected from the results shown in Fig. 3 of Ref. 10 . The output signal-pulse energy was measured for u ext ഠ 8 ± and for u ext ഠ 13 ± ; at optimum a ext , the corresponding signal wavelengths were l s 0.52 mm and l s 0.65 mm, respectively. With maximum pump energy and by use of the Al-coated mirror for seed reflection, the measured signal-pulse energy was approximately 3 mJ for both cases. If the corresponding idler-pulse energy is evaluated from the energy conservation rule, the calculated total (signal 1 idler) conversion efficiency h t in the amplifier turns out to be h t ഠ 30% for l s 0.52 mm and h t ഠ 40% for l s 0.65 mm. No relevant changes in the output energy were observed for the case of l s 0.52 mm when the Al mirror was replaced with the diffraction grating. Autocorrelation data for signal pulses at l s 0.52 mm are given in Fig. 10 (effective Fig. 10 . Autocorrelation of signal pulses from the blue-pumped TOPG. l s 0.52 mm. Curve, sech 2 fit. p 2 energy ഠ 6 mJ, h t ഠ 15%, grating backreflector). For the signal-pulse duration t s ഠ 90 fs FWHM, a sech 2 best fit gives a value that is 30% shorter than the central spike in our pump pulse. No satellites or background noise were detected. At higher energies the signal-pulse duration increased and approached that of the pump-pulse central spike at maximum pumping. The FWHM spectral bandwidth of signal pulses measured at l s 0.52 mm was, at a maximum conversion rate, Dl 5 nm (Dl 13 nm without a grating). Assuming that the spectra do not broaden at a lower pump power, we can expect a time -bandwidth product DtDn , 0.5 for pulses such as those shown in Fig. 10. 
CONCLUSIONS
This study demonstrates how the group-velocity (G V) mismatch in three-wave parametric interaction can fully be compensated by use of NCPM configurations. Three points substantiate this demonstration. First, in the frame of a theoretical model, we have compared the features of collinear and noncollinear amplification processes by means of numerical simulations: favorable conditions for generating widely tunable pulses of a few tens of femtoseconds are guaranteed by off-axis schemes even for the case of a blue-pumped TOPG, an operating condition in which the usual collinear configuration has proved to be relatively inefficient. Second, we have shown that our model can account for the unusual spectral and angular characteristics of the parametric superfluorescence observed in the case of large collinear G V mismatch. Finally, we have given the experimental demonstration of a blue-pumped TOPG in which both generation and amplification are accomplished in the absence of G V mismatch. By this technique the high performance and the ease of operation of the IR-pumped TOPG are recovered.
Our approach has two main disadvantages. First, operation in G V-matched configuration produces an output beam whose direction may change by several degrees across the tuning. However, we observed that, for pulses of approximately 100 fs, tunability of just a few tens of nanometers can be obtained at a given noncollinear angle. Second, one must contend with the tilt of the pulse fronts and the consequent enlargement in effective pulse duration. We did not observe the latter phenomenon in our blue-pumped TOPG because of the relatively low pump energy and the consequently small beam diameters used. However, the next logical step of the present research would be to scale up this device to the submicrojoule level to convert all the energy typically available from frequency-doubled amplified Ti:sapphire systems. To this end, we would suggest the addition of a third amplifier stage, to be operated with a pump beam a few millimeters in diameter either in a collinear or in a noncollinear configuration. The collinear approach is obviously the simplest one because it does not require any tilt compensation: with a short crystal no competition between collinear amplification and noncollinear generation should take place. In recent experiments more than 400-fold collinear amplification of selected spectral components of a femtosecond continuum was obtained with a blue-pumped, 1-mm-thick, BBO-I parametric amplifier. 26, 27 However, the use of noncollinear amplification appears to be almost mandatory if one wants to operate the TOPG with pump pulses of a few tens of femtoseconds, or in the U V spectral range, where large collinear G V mismatch occurs.
The G V matching achieved in noncollinear interactions, applied to second-harmonic or sum-frequency generation, has the obvious drawback of limiting the effective-interaction volumes to the region of geometrical overlapping of the input beams. In the case of a TOPG, the situation is far more complex because of the extremely high gain experienced by signal and idler fields. In particular, for a NCPM interaction, with signal and idler Poynting vectors on opposite sides with respect to that of the pump, the generated beams can be trapped by the pump because of gain reshaping, thus resulting in an interaction length not limited by the geometrical overlapping. 28 An analogous trapping mechanism takes place along the axis of propagation, in the presence of G V mismatch, when the signal and the idler splitting lengths, l s and l i , have opposite signs: a solitonlike regime can be reached in which the gain does not saturate [opposite the case shown in Figs. 1(a) and 1( b), solid curves], and pulses are amplified without broadening until pump depletion occurs. 8, 28 This particular situation never occurs for collinear interaction in commonly used crystals, when pumped in the blue -near U V. An important advantage of our noncollinear scheme is that the optimum condition l s l i is always fulfilled over the whole tuning range. Therefore we can expect that the good performance of high conversion efficiency and short pulse duration will be preserved for shorter (near-U V) pump wavelengths or shorter (sub-30-fs) pulse durations. Work is in progress to test the noncollinear phase-matching configuration in these regimes.
